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Summary. — 1. Two new terms sre introduced to qualify pnmr.ry division fresh we ter fish groups : 
arehoeoliranic, originating in fresh waters and always to confined ; end telolimnic, confined to fresh waters st 
present, but less closely restricted in the ptst. A Recent primary group ctn only be assigned to the second 
of theso cstegorios on tho evidence of marine fossils which ers undoubted members of (hit texou. 

2. Fossil freshwater species can only be assigned to the prims ry freshwater rategory on the btais of unequivocal 
membership of a Recent primary group. Extinct groups of fishes esnnot he used as relit hie evidtnee of past 
oontinentsl connections. 

3. The only relit hly identified Mesozoic prims ry freshwater fish is the hiodontid Lycoplera, from near the Juris 
sie/Cretsceoua houndary in N. E. Asia. This occurrence is not consonant with s Gondwsna origin of Osteoglos. 
somorpha according to conventional models of late Mesozoic geography, where Asis and Gondwans sre seps- 
rstsd hy Tethys. Evidence is provided that the early Tertiary, nunne Brychaclus is t true osteoglossoid, implying 
thst the osteoglossoids sre s telolimnic group. This, in turn, implies thst the Osteoglossomorphs is t whole 
may have had t marine origin. The highly disjunct distribution of late Mesozoic osteoglossomorphs (according 
to conventions] drift models) supports this hypothesis. 

4. Late Mesozoic freshwater fish faunas arc srehafo and impoverished in comparison with contemporary marine 
faunae. There is no evidence to wsrnut the hypothesis that many major teleostesn groups arose in Mosozoio 
fresh waters. 

5. Ostariophysan distribution does not teem to be more readily explained by the Gondwans.Lsurtna modol 
than by a fixed continent model. Whife the drift model accounts for chsrtcin distribution, it does not explain 
the thundsnee of eyprinoids in S. E. Asia coupled with the thtence of primary ostariophyssns in Madagascar 
and Australia, or the early appearance of fossil eyprinoids in Europe and North Americt, of chi Meins in Europe 
and of tiluroidt in North America. 

6. The structure of the Lowsr Cretaceous chanoid Tkarrhiat indicates thst osUnophystns and gonorynohi- 
forms acquired their distinctive caudal skeletons in parallel. Parallel evolution of thin sort makes it difficult 
to suggest characters hy which early ottariophytan fossils could ho recognised. It it poatihla that Lower Creta¬ 
ceous ostariophyssns have been found, hut not recognised. 

7. The life- cycle of Chariot suggests s model for the origin of oatiriophyasns, and implies thst they wore initially 
more tolerant of salt water. 

8. As s general conclusion, one may aay that the Gondwsna-Laurasit model is not t greet improvement on 
a fixed coou'aent model in explaining the distribution of freshwater fishes. Chnrscin distribution and tho esrfy 
Cretaceous correlation between the freshwster fish ftnnss of Brazil and West Africa ire explained hy It to 
Mesozoie union between South Americt tnd Africa, but other stpecta of the break-up of Gondwans are not 
retdily correlated with the present distribution of freshwater fishes. Marins origin or influence provide in 
equally plausible explanation of osteoglossomorph distribution, snd may well have played s part in ostario- 
physen distribution. Progress in understanding the distribution of freshwster fishes it likely to eome from 
sntlytis of the refttiansbipi of such groups et the ostsriaphysans tnd ths primary freshwater scantboptery- 
gians, rather than from improved pslseogeogrsphio models. 
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INTRODUCTION 

In 1922, the distribution of ostariophysan fishes led C. Tate Regan to write * in early Cretaceous 
times S. America and Africa formed one continent, which must have extended to India... in late Cre¬ 
taceous times India appears to have separated from Africa and it probably became connected with 
Eastern Asia towards the end of the Cretaceous ’ (Regan 1922, pp. 206-7). Within the last few years, 
wandering of the continental plates has become an accepted fact through geophysical work, uninfluenced 
by zoogeographic evidence. Although there are still gaps to be filled, geophysicists seem now to have 
established the course and timing of the major continental movements since the early Mesozoic. The 
aim of this paper is to re-examine the distribution of living primary freshwater fishes and tbeir fossil 
relatives in the light of the new geophysical evidence, to discover whether these distributions are more 
economically explained by the Gondwana-Laurasia model of late Mesozoic geography than by a fixed 
continent model. 1 am grateful to Miss Alison Longbottom, who drew figures 1-5, and to Dr. D. E. 
Rosen, who commented on a draft manuscript. 


METHODOLOGY 

Myers (1938, 1949) first pointed out that in analysis of freshwater fish distribution inferences 
of continental connections or * land bridges * may only be based upon primary freshwater groups ; 
those which are, so fur as we know, ‘strictly intolerant of salt sea water * ‘ by deep-seated and appa¬ 
rently ancient difficulties of osmotic regulation ’. Myers’ primary freshwater category obviously 
carries the implication that the groups involved arose in fresh waters, and have always been so restric¬ 
ted, although usage has been varied. It will be suggested below that two distinct types of group 
are included within this category. Amongst living fishes, the primary freshwater category includes 
the lungfishes, Polypterus, paddlefishes, Amia, and about 6650 species of teleosts, almost exactly one- 
third of the total number of living teleost species (Cohen 1970). Of these 6650 species, 6200 or 93 % 
are ostariophysans. 

Recent freshwater fishes can be assigned to the primary category or to another of the categories 
defined by Myers on the basis of observation of their distribution and experimental testing of their 
physiology. Obviously, it is necessary to make similar discriminations amongst fossil fishes if they are 
to be used in zoogeographic discussions. The only criterion for assigning any fossil species to the 
primary freshwater category is reliable evidence that it belongs to a group whose living members are, 
without exception, primary freshwater fishes, ff it can be established that a fish-bearing deposit 
was laid down in fresh waters, without any marine influence (often a difficult enough problem), there 
is still no reason to assign the contained species to any particular one of the six ecological or physio¬ 
logical freshwater categories defined by Myers. Even if some fossil taxon occurs repeatedly in fresh¬ 
water deposits, and nowhere else, we are not justified on this evidence in referring it to the primary 
freshwater category, for catadromous fishes like Anguilla which migrate to the sea to breed and secon¬ 
dary freshwater fishes like Lepisosteus, which occasionally enter the sea, would give the same picture. 
A fossil species must be unequivocally assigned to a living primary freshwater group before it can be 
used in discussions of continental distribution in the past. 

Discovery in marine or brackish water deposits of a fossil species belonging to a group whose 
living members are all primary freshwater fishes will lead one to question whether that group is truly 
primary, in the sense of having arisen and always remained in fresh waters, or whether the earlier mem¬ 
bers of the group were less intolerant of salt water, suggesting that the group is an unreliable indicator 
in zoogeographical arguments. This point can be explored by means of examples in the Percopsi- 
formes and Dipnoi. 

The paracanthopterygian order Percopsiformes is represented by three living families, Percop- 
sidae, Aphredoderidac and Amblyopsidae, all primary freshwater fishes of North America. All fossil 
Percopsidae and Aphredoderidae are from Tertiary freshwater deposits in North America, and no fossil 
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amblyopsids are known. A ringlo Cretaceous percopsiform genus is known, Sphenonphalus, from 
marine deposits in Germany (Rosen & Pattorson 1969). The relationships of the three extant prreop- 
• i For it i families and Sphenocepkalus are shown in figure 1. The position assigned to Sphenocephedut 
in figuro 1 is somewhat arbitrary, for it is possible that this fossil is a primitive porcopsid or a primitivo 



aphredodoroid, fitting in somewhere along the line AB. But Spktnocephalut is a vory primitive form 
and exhibits no derived characters to shots' that it belongs above the point B in the dendrogram. In 
this case, therefore, the hypothesis that the three living percopsiform families arose in fresh wsters 
(species B) can still be maintained, and further evidence would bo necessary to discriminate between 
the hypotheses that species C was marine, freshwater or diadromout (Nelson 1969a). Such ovidenco 
might be provided by the habitat of tha sister'group of this assemblsge (probably the remaining para- 
canthopterygians, a predominantly marine group), or by the distribution of tho living forms : if, for 
example, tho percopsids occurred in Africa, not North America, the most oconomical hypothesis would 
be that apecios C was marine. Assignment of tho marine Sphenocrphalu* to tho Porcopsiforraes does 
not destroy tho hypothesis that porcopsoids and ophredodoroids arose in fresh waters, and does not 
removo those subgroups from tbc primary category, but it removes the order Percopsiformos as a 
wholo from this category. 

Tho disjunct distribution of living dipnoans is well known. Fig. 2 shows tho relationships of 
the throe living genera and the approximate position of the Lower Tnassic Paraceratodus, which occurs 
in marine beds in Madagascar, and of certain Triassic specios of Ceralodua, also found in marine beds 
(Lehman 1966, p. 290). Unless it is suggested that the Lepidosirenidaa are in fact more closely rela¬ 
ted to Neoceratodut than are Ceratodu* and Parcuxralodut, tho occurrence of these fossils in marine 
beds destroys the hypothesis that living dipnoans are a primary freshwater group, originating and 
always strictly confined to fresh wetere, and removes the Ceratodontidao from the primary category. 
The Lepidosirenidae, however, still appear to bo a true primary group, and thoir present distribution 
is economically explainod by a late Mesozoic connection between Africa and South America. 

Tho term ‘ primary freshwater group ’ is customarily used only at the family lovel and above, 
since Myers (1949) adopts the category ‘ vicarious freshwater fishes ’ for freshwater genera of mainly 
marine families, It is possible to spoak of primary freshwater suborders (Esocoidoi, Aphredoderoidoi) 
or orders (Mormyriformes, Cypriniformes). Such groups, as shown above, aro of two types •. thore 
are those whosa presont distribution end physiology, fossil record and relationships all allow ono to 
maintain the hypothesis that the group aroso in fresh waters and has always boen so restricted; and 
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there are those which arc included in the primary category because of their present distribution and 
physiology, but which are shown by their fossil record and relationships to have been less intolerant 
of salt water in the past, and for which a marine origin can be postulated. For these two types of 
primary freshwater fishes I propose the names archaeolimnic (originating in fresh waters and always 
so confined) and telolimnic (less closely restricted to fresh waters in the past). In no group will it 
ever be possible to prove the original habitat by pinpointing fossil ancestors, so to regard any primary 
group as archaeolimnic or telolimnic can only be a hypothesis, held with more or less confidence. 
Of course, all Recent primary groups should be assumed to be archaeolimnic unless there is evidence 
to the contrary ; but these assumptions should be recognised for what they are, and such contrary 
evidence might be provided only by highly disjunct distribution, inexplicable on our knowledge of 
past continental wandering. In the case of apparently archaeolimnic groups with an ample fossil 
record, assessment of the palaeoecology of each fossil-bearing stratum will provide a test of the hypo¬ 
thesis, and some groups (for example csocoids and cyprinoids) pass many such tests. As shown above 
with the percopsiforms, the discovery of marine fossils within a group does not necessarily destroy 
the hypothesis that the component subgroups are archaeolimnic, but fossils show that the Percopsi- 
formes as a whole, the Ceratodontidae and Dipnoi are telolimnic. Amia also probably belongs to this 
category. 


THE MESOZOIC RECORD 

To recapitulate the preceding section, in zoogeographic arguments invoking past continental 
connections, tbe only reliable fishes are those assigned to archaeolimnic taxa. No fossil species can 
be regarded as a primary freshwater fish except on the basis of its assignment to a Recent archaeolimnic 
group. 

In the Mesozoic, such assignments are very rare. There are over 400 living teleostean families, 
and only 14 (about 3.5%) of these can be recognised with any confidence in the Mesozoic. These 
families are the Elopidae, Mrgalopidac, Albulidae, Halosauridae, Clupeidae, Hiodontidae, Aulopidae, 
Synodontidae, Gonorynchidae, Chanidae, Polymixiidae, Trachichthyidae, Holoccntridae and Sciacnidae 
(Patterson 1967; Rosen & Patterson 1969; Greenwood 1970; Rosen 1973) Amongst these 15 families, 
only one, the Hiodontidae, is in the primary freshwater category. Undescribed material in Rio de 
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Janeiro suggest* one other possible record o t a primary family in the Lower Cretaceous, an osteoglossid 
from Minas Gerais, Brazil (Santos, parsons) column). At the subordioal level, the proportion repre¬ 
sented in the Mesozoic rises to about 15 % (15 out of 92 Recent suborders in the classification of 
Greenwood etai. 1966) with the incorporation of marine forms not assignable to family in the Anguilloidei, 
Alcpis luroidei, Myctophoidei and Veliferoidei, and at the ordinal level to 45 % (14 out of 31 Recent 
orders) with the addition of forms not assignable to suborder in the Salmoniformcs (all marine), Silu- 
riformes (? brackish : Schneller 1963; liranifa, HolTstettcr & Signeux 1964 ; Wenz 1969) and Percop- 
siformes (marine). Only one primary freshwater group, the Hiodontidae, is at present recognisable 
in the Mesozoic, and there is a possibility that a second osteoglossomarpb family, the Osteoglossidae, 
is also represented. The Osteaglossomorpha will therefore be discussed first, before considering why 
no other primary group should have Mesozoic representatives. 


OSTEOGLOSSOMORP11A 

The osteoglossoraorpbs are a primary freshwater cohort of primitive teloosts containing six 
Recent families, Hiodontidae (N. America), Notopteridae {S. E. Asia, Africa), Mormyridae, Gymnar- 
cbidae (both Africa), Osteoglossidae (S. America, Africa, S. E. Asia, Australia) and Pantodontidao 
(monotypic, Africa). Early Tertiary fossils extend the range of the Osteoglossidae into North America, 
and show that biodontide, notopteride and osteoglostids were already present within or close to their 
present range. In the Mesozoic, the Hiodontidae are represented by Lycoptera from late Jurassic 
or early Cretaceous freshwater beds in Chine, Mongolia and Siberia (Greenwood 1970), and tho Osteo- 
glossidae are possibly represented by undescribed material from Lower Cretaceous (? freshwater : 
Scorza & Santos 1955) teds in Brazil. 

Nelson (1969b) attempted a detailed analysis of osteoglossomorph zoogeography, past and 
present (fig. 3). Ho found that ‘ a simple and comprehensive theory regarding paet distribution cannot 
be formulated ’ because of uncertainty about the phyletic relationships of living forms, especially Hiodon, 
mormyrids and some osteoglossids. Greenwood (1971) has produced new evidence on the relation¬ 
ships of mormyrids, which he coordinates with the notopterids, but the position of Hiodon remains 
uncertain. In any case, moving the mormyroids from the left to the right side of figure 3 would make 
little difference to the zoogeographic hypotheses involved. 

The Mesozoic Lycoptera, if it can be accepted as a genuine hiodontid (and not, for example, 
an early notopteroid or an unassignable member of the hiodontid-notopteroid stock), gives a minimum 
age for the separation of the osteoglossomorph subgroups, implying the existence at that timeofnotop- 
teroids end osteoglossoids. Lycoptera also confirms the past North Asian distribution of biodontide 
tbat Nelson postulated. However, tbe occurrence of hiodontids in N. E. Asie at early as tho lower¬ 
most Cretaceous raises severe difficulties for Nelson’s hypothesis of osteoglossomorph origins in Gondwana, 
for at thet time the Tethys ocean is thought to have separated Asia from the southern supercontinent 
(fig. 4). Tbe only possible continental connection between the two seems to be through S. E. Asia 
(lndo-Chint, Thailand and the northern part of the Indo-Australien archipelago). Recent work 
(Ridd 1971) suggests that S. E. Asia once formed part of Gondwana, fitting between India and Australia, 
ft is supposed that, like India, S. E. Asia moved northwards and collided with mainland Asia in the 
Tertiary, the suture between tbe two being the Song Mi fault and fold belt. But there it no evidence of 
an Alpine orogeny along this line, nor of post-Trias sic sediments, so that it is possible that the connec¬ 
tion between S. E. Asia and mainland Asia is of long standing. But according to conventional models 
(Jardine St McKenzie 1972; Smith, Briden & Drewry 1973) tbe only feasible mode of transport 
of primary freshwater fishos from the southern supereontinent into Asia it at passenger* upon tho 
Indian mb-continent or S, E. Asia, wbieh did not arrive in their pre»ent position until the Tertiary, 
long after the Lycoptera fauna of N. E. Asia. Lycoptera, in fact, teems to suggest only tbat osteoglos. 
somorph distribution wts as disjunct in the early Cretaceous at it is now, and raises problems of faunal 
distribution analogous to those produced by the presence of tbe Triassic CynognatJuu and Lyitrosauriu 
tetrapod faunas (otherwise known only from Gondwana) in China (Colbart 1971). 
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Although it is not a Mesozoic form, the Palaeocene and Eocene Brychaetus deserves mention 
here. Bnjchaetus occurs in marine beds in Zaire (Palaeocene, Dartevelle & Casier 1959; Taverne 
1969), Morocco (L. Eocene, Arambourg 1952), S. E. England (L. Eocene, Casier 1966), and there is 
a closely related form in N. Denmark (L. Eocene, Bonde 1966). Because it is inadequately known, 
and perhaps because of its apparent marine habitat, ichthyologists (Myers 1938, p. 351 ; Greenwood 
el al. 1966, p. 361 ; Nelson 1969b, p. 25) have been unwilling to accept Bnjchaetus as a member of the 
Osteoglossidae, the family in which it has until now been placed. Taveme (1969) redescribed an osteo- 
glossomorph caudal skeleton from Zaire and assigned it to Brychaetus. This caudal skeleton has 
a neural spine on the first ural centrum a, diagnostic character of osteoglossomorphs (Greenwood 
1967, p. 595). Evidence from the skull of Brychaetus muclleri (London Clay) combined with this cau¬ 
dal skeleton evidence is sufficient in my opinion to show that Brychaetus is an osteoglossomorph. This 
evidence may he summarised as follows : 

1. The circnmorhital scries contains only three hones between the lachrymal and dermosphenotic 

(personal observation; cf. Nelson 1969b, p. 8). 

2. The dermosphenotic lies well in front of the autosphenotic, not in contact with the latter. 

3. The parapophyses of the abdominal vertebrae are fused to the centra, project transversely, and bear 

a groove on their postcro-dorsal surfaces ending in a deep pit which received the head of the 
pleura] rib (personal observation). 

4. In the caudal skeleton, there is a neural spine on U1 and the upper hypurals fuse with U2. 

Within the Osteoglossomorpha, the characters which have previously been used to relate Brychae¬ 
tus to the Osteoglossidae are indecisive. Nevertheless, there arc a few trenchant features indicative 
of osteoglossoid relationships ■. 

4, 564 013 C 
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1. There it a hasiptcrygoid process on the perasphenoid, articulating with the endopterygoid and 

overlapped dorsally by a long antero-ventral proccts of the hyomandihular (Rocllig 1967 and 
personal observations). Although a basipterygoid process is a primitive feature, in primitive 
actinopterygions it articulates with the metaptorygoid, and the arrangement just described is 
unique to oateoglossoids and Brychaelus. 

2. There is no discernible suture between the paletine and ectopterygoid (of. Ridewood 1905). 

3. There is a large, expanded tooth-plate in the floor of the mouth which covers the first ossified basi- 

branchiel (first or second) and extends forwards above the anterior ends of the ccratohyals 
(cf. Nelson 1968). 

These characters, in conjunction with the ostroglossoid-likc jaws, infraorbitals, operculum, 
etc., seem to be sufficient to justify placing Brychaetus in the Ostcoglossoidci. It is not pussible to 
show that Brychaetu* is mora closely related to Panlodon than to the Osteoglossidac, nor that it is 
closer to one ostcoglossid subfamily than the other. The position assigned to Brychaetus in figure 
3 agrees with what is so far known of its anatomy. It has bean argued that the marine beds in which 
Brychaetus is found are not evidence of its true habitat, but that the individuals preserved had floated 
ont from their original flu vis tile habitat as corpses (Rocllig 1967). While such an explanation might 
account for one or two fragmentary specimens, 1 do not believe it is consonant with the number of 
well preserved individuals of Bryckaetus found in the London Clay, and I agree with Cosier (1966, p. 144) 
that the wide distribution of the genus is strong evidence agoinst such an interpretation. 

In tbo Paleoocenc and Eocene, therefore, there was a well attested marine osteoglossoid distri¬ 
buted over about 50° of latitude in what is now the western Atlantic. The addition of Brychaetus 
to Nelson’s outline of ostaoglossomorph historical goography (fig. 3) alters the picture considerably, 
for it adds » new hypothesis for the place of origin of the osteogiossoids, suggesting thst they may be 
a telolimnic group, and thet they mey have achieved their cosmopolitan distribution by means of 
seaways. This, in turn, offers a further hypothesis for the place of origin of the Osteoglossomorpha 
at a whole. As has been pointed out above, assignment of Lycoptera to the II iodon tidae (or Notopteroidei.) 
raises severe difficulties for a Gondwana origin of the Osteoglossomorpha. Only if there hes been a 
longstanding connection, through S. E. Asia, betwesn Lourasio and Gondwane, can a primary late 
Mesozoic distribution in both supercontinents he explained ; if the conventional view of the history of 
Gondwana is accepted, a marine origin of the Osteoglossomorpha is indicated. 


MESOZOIC FRESHWATER FAUNAS 


The Osteoglossomorpha, just discussed, are the only primary fresh water teJeostean group repre¬ 
sented by fossils in the Mesozoic. Why should other primary groups not have been found ? Green, 
wood et of. (1966), Myers (1967) and others have suggested that some of these groups, notably amongst 
tbe Ostariophyii, must have been in existence then. Myera discusses this question with special refe¬ 
rence to ostariopbysant. ' That we hove found no Mesozoic fossil eharacoids or other cypriniform 
ostariopbysans is not surprising. Unlike marine deposits, Duviatile and lake deposits are rarely of 
wide geographical extent and are highly subject to quick subsequent erosion by the same streams 
which laid them down ‘ the center of origin of these fishes ;ostariophysans] —in a Mesozoic southern 
continent — is in an area where there has been comparatively little search for freshwater fish-bearing 
deposits ’ (Myers 1967, p. 617). Greonwood et al. extend these arguments, writing ‘ the dearth of Early 
Mesozoic fossils of teleoetean type, except in marine Tnassic and Jurassie beds in the area of the Tetbys 
Sea, may be related to a fresh water origin of many teleoetean lines in regions where fresh-water, fish¬ 
hearing deposits are rare or undiscovered... the absence in known Cretaeeous deposits of several impor¬ 
tant lines of teleostean development (notably the salmonoids and ostariophysans...) again leads to 
the suspicion that much teleostean evolution was going on in Mesozoie fresh waters ’ (1966, p. 347), 
One may summarise the ideas just quoted in two hypotheses : 
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(i) No Mesozoic representatives of such groups as the ostariophysan suborders and the extant sal- 
moniform suborders have been found because the early evolution of these groups occurred in fresh 
waters, and most late Mesozoic deposits are marine. 

(ii) Those late Mesozoic freshwater deposits which have yielded fishes contain no ostariophysans 
or salmoniforms because these groups were living elsewhere, in upland waters or other geogra¬ 
phic regions. 

The inadequacy of the freshwater fossil record is too well known to need re-eraphasis. It is 
sufficiently exemplified hy the lack of fossil gymnotoids in South America, of pre-Pliocene characins 
in Africa, and so on. So far as the salmoniform suborders are concerned, however, absence of these 
in Cretaceous marine deposits can hardly be regarded as an indication that these groups were then 
confined to fresh water, for oceanic groups like the alepocephaloids and argentinoids are also unknown 
in the Cretaceous, and it is impossible to regard these as having originated in fresh water. In any case, 
however inadequate the fossil record may be, we are obliged to make the most of it. 

Figure 4 shows the distribution of the better known late Mesozoic freshwater fish faunas. These 
are possibly all from coastal plain deposits, as arc the North American ones (Estes 1971, p. 155), but 



Fie. 4. — Map of Cretaceous geography (as reconstructed hy Smith, Briden & Drewry 1973) showing the distribution 
of the better known late Mesozoic freshwater fish faunas. Key : 1, Hell Creek Formation, U. Cretaceous; 2, 
Lance Formation, U. Cretaceous ; 3, Trinity Formation, L. Cretaceous ; 4, Santana Formation, L. Cretaceous ; 
5, Brazilian ’ Wealden L. Cretaceous ; 6, Purbeck, U. Jurassic ; 7, European Wealdcn, L. Cretaceous ; 8, Ksratau, 
U. Jurassic ; 9, Lycoptera fauna, U. Jurassic — L. Cretaceous j 10, West African ’ Wealden L. Cretaceous ; 11, 
Stanleyville, U. Jursatic; 12, Talbragar, Jurassic; 13, Koonwarra, L. Cretaceous. 
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there is * fair geographic spread (ef. hypothesis (ii) abova). There is one generalisation that I think 
ean be applied to all these faunas : in comparison with contemporary marine faunas they are archaic 
and impoverished. This bos been noted independently by rnaoy who have worked on individual faunas 
(Woodward 1919, p. 144; Saint-Seine 1955, p. 114 ; Yakovlev 1962, p. 97 ; Estes 1971, pp. 144, 158; 
Watdman 1971, p. 61). Detailed comparisons to demonstrate this are difficult to make because of pro¬ 
blems of stratigraphica! and climatic correlation, aod also because any environment in which intact 
fishes are fossilised must be regarded as abnormal. In the late Jurassic (Kimmcridgian), a genuine 
comparison might be expected from tha freshwater fauna of the Stanleyville l>eds (Zaira) and the 
underlying marine fauna of the same region (Saint-Seine 1955; Saint-Seine it Casier 1962), but this 
marine fauna is itself impoverished, perhaps because of bathymetric conditions (Saint- Seina it Casier 
1962, p. 1). One interesting comparison between these two African faunas can ba made; in the fresh¬ 
water beds there are no leptolepids or more advanced forms, and about 90 % of the individuals presarvad 
are holostean (Catervariolux), while in the (older) marine beds 80% of the individuals are a primitive 
teleost (Paraclupavia), probably a leptolepid (Patterson 1970, p. 287). 

In the Lower Cretaceous, comparisons are difficult because of the lack of a well known marine 
fauna contemporary with the widespread * Weildeu’ fauna, and because of tile probability of brac¬ 
kish or marine elements in some Wealden faunas. But as a whole, tha Wcalden fauna seems to ba little 
more than an impoverished version of the late Jurassic marina fauna, with few, very primitive teleoats, 
the last surviving palaeoniscoids (CoccoUpu), many holosteans (amioids, pycnodonts, Lepidota ) 
and the last pholidophoroids. The only notablo innovations are the earliest herrings (Diplomyalut) 
and gonorynchiform5 (Chanidae), both also found in esrly Cretaceous marine beds. 

In the Upper Cretaceous, the hrst known freshwater faunas are those of North America (Estas 
1964, 1971 ; Estes & Bcrberian 1970), based mainly on fragments uid dissociated bones, and perhaps 
biased for this reason. In comparison with contemporary and older marino faunas from tha sama 
region (Niobrara Chalk, Kansas j Moorevilte Chalk, Alabama : Applegate 1970), this freshwater fauna 
is notably archaic and impoverished, containing the last hybodont sharks, tbc last aspidorhynchids, 
dominated by holosteans (especially Amia and Lcp'masttiu), and with a very limited telcostein fauna. 
The only innovttion is Plalacodon, referred to the Sciaenidce, a chiefly marine acanthopterygiao family 
of which this is the earliest record. 

Such comparisons ean be extended into the Lower Tertiary. The early Eocene Greon River 
fauna is perhaps the best known of all fossil freshwater fish faunas, and is contemporary with some 
well known but geographically distant European faunas (Bolen, Italy ; London Clay, Bracklesham and 
Barton Beds, England), The climate of the Green River lake was probably continental, with winters 
which may hava been comparatively severe, but the mean annual temperature is estimated to bave 
been about 18°C, and therefore broadly comparable with the subtropical climate deduced fortbe Euro¬ 
pean marine localities. In comparison with the fishes of these marine beds, the Green River fauna is 
again archaic and impoverished. It contains paddlefishes, Ltpisostewi, Amia, nnd is dominated by 
’ double-armoured herrings’ (DiplomysUa, KnighiiaJ which are abundant in marina and freshwater 
beds throughout the Cretaceous. There are also gonorynchids, a group which is marine in the Creta¬ 
ceous and today, but contains one freshwater genus found in the Green River lakes and in the Eocene 
and Oligocene of Europe (Perkins 1970) j Pharcodut, an osteoglossoid ; ictalurid catfishes, the earliest 
members of this endemic North American family ; Percopsiformes (two genera of percopsids, and 
possibly also the problematic Atineops: Rosen dt Patterson 1969), another group with marine Cretaceous 
representative* ; and two acanthopterygian families, the Serranidae (Pmcacata , Cockertllilcs), a domi¬ 
nantly marine family, and the Percidae (Miopiosus, differs from all living Percidac in having many fewer 
vertebrae, cf. Collette 1963), • north temperate primary group also known from the Eocene of Europe. 

In summary, the evidence of tha known late Mesozoic and early Tertiary freshwater fish faunas 
certainly does not support Myers’ contention (1967, p. 617) that ‘ the Mesozoic origin of many teleos- 
tean groups occurred in fresh waters and hypothesis (i) (p. 163 above) fails this test. Late Mesozoic 
freshwater faunas of tha same archaic and impoverished type are known in Europe, Asia, Africa, South 
America and Australia. There is, of course, no evidence bearing on hypothesis (ii), for this cannot 
be tested. 
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Such evidence, as there is indicates that late Mesozoic fresh waters, on every continent, were 
not centres of evolutionary novelty, lml were the last refuge of relict groups — hybodont sharks, palaeo- 
niscoids, lidos tea us, aspidurhynchoids, pholidophoroids — formerly widespread in the sea. 


OSTARIOPHYSANS 


The conclusion reached in the preceding paragraph, that the late Mesozoic fresh waters of which 
wc have evidence, were evolutionary backwaters so far as fishes are concerned, will serve as an intro¬ 
duction to the problem of ostariopliysan origin and distribution, which has always been tlic mainstay 
of ichthyological arguments on past continental connections (Regan 1922, Goslinc. 1944, Schaeffer 
1947, 1952, Myers 1967, Gery 1969). It is not my intention to retread the ground covered in these 
papers. The hasic fact9 seem still to he as set out by Regan in 1922 : 

(i) The most primitive ostariopliysan group, the eharacoids, are found only in Africa and in tropical 
America, a distribution which can be explained by the origin of this group in West Gondwana, 
before the final separation of the African and South American portions, in or before early Cre¬ 
taceous times. Primitive eharacoids are now found on both continents (Roberts 1969), and 
there is no evidence to suggest that cither is the primary site of origin. The discovery of characin 
teeth in the Eocene of Europe (Cappetta, Russell & Braillon, 1972) adds a third possible site of 
origin. Recent evidence (Mczzalira & Paula Couto 1971) suggests that the Tremembe Formation, 
Sao Paulo, Brazil, which yields the best known fossil characins and is usually considered to be 
Pleistocenp, is Oligocene in age. 

(ii) The siluroids are now cosmopolitan but the primary freshwater families are absent in Australia 
and Madagascar. The centre of abundance of siluroids is South America, and this is also the 
home of the primitive Diplomysles. There are no families common to the African and South 
American primary siluroid faunas, but Africa shares three families with India and south-east 
Asia. The only new piece of evidence here is the recent discovery of undetermined siluroids in 
the Upppr Cretaceous of Bolivia (Weuz 1969). Siluroid relationships are still too poorly understood 
for a phyletic analysis, and no proper hypothesis about the place of origin can he set up until such 
an analysis is made. Siluroid distribution is certainly Gondwanian, and their origin, like that of 
characins, islikelyto have predated the separation ofAfrica and South America. Similarity between 
the Afriean and Asian siluroid faunas may only reflect the proximity of these areas during the 
Tertiary, since India and Africa separated earlier than Africa and South America. The absence 
of primary siluroids in Madagascar is an important point opposing widespread distribution of 
siluroids in West Gondwana before break-up. 

(iii) The cyprinoids are absent in South America but show a centre of abundance in south-east Asia, 
and this has heen taken to indicate that they originated there (Regan 1922, Greenwood el al 
1966, Myers 1967, etc.). But Gery (1969, p. 35) has pointed out that if the Ostariophysi is a 
monophyletic group, it must have had a single place of origin which he suggests was Africa, citing 
the presence of the primitive Barilius and related forms in Africa as evidence that this was the 
original home of cyprinoids. Gery proposes that cyprinoids originated later than characins 
and siluroids, after the separation of Africa and South America, and spread into Eurasia by land 
connections not directly involved in the dispersal of fragments of Gondwana. The earliest fossil 
cyprinoids are found in the basal Eocene of Europe. As in the siluroids, cyprinoid interrela¬ 
tionships are too poorly understood for any sort of analysis, aud Greenwood cl al. (1966, p. 385) 
have questioned the position of Barilius as the. most primitive cyprinoid. 

Attempts to correlate the supposed history of the ostariophysans with the known history of 
Gondwana are therefore unsatisfactory, mainly because of lack of knowledge of the interrelationships 
of living forms. The absence of primary freshwater ostariophysans iu Australia and Madagascar 
opposes widespread distribution of the group in Gondwana: temperature controlled distribution might 
account for the lack of Australian ostariophysans, but not for Madagascan ones. 
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Within the Chsracoidti, Cyprinoidei and Siluriformes phyletic relationships are too poorly 
understood to erect sound hypotheses ahout the place ol origin of each group. At a higher level, 
conventional ostariophysan classification implies that characoids end cyprinoids (order Cyprinilormes) 
are more closely related to eechotherthaneitheri* to cat fishes (order Siluriformes), but this classification 
it not phyletic, characoids and cyprinoids being placed together apparently only because both lack 
the conspicuous specialisations of siiuriforms. Known fossils have no direct relevance to the problem 
of ostanophysan interrelationships, The only freshwater ostariophysan lossils known to occur outside 
the present range of their group are the new characin teeth from the Eocene of France. Fossils give 
a minimum age of Upper Cretaceous (? Senonian) lor the silurilorms, and show that extension ol pri¬ 
mary siluroids into North America and of cyprinoids into North America and Europe had already 
taken place hy the Eocene. 



Whereas the interrelationships of the main ostariophysan groups remain unknown, recent 
work suggests that the sister-group of the ostariophyaant is the order Gonorynchiformes (Rosen St 
Greenwood 1970 : these authors include the gonorynchiforms within the tuperorder Ostariophysi as 
a series Anotophysi, but for greater clarity and economy the term Ostariophysi is used here in the 
conventional sense without including the gonorynchiforms). The gonorynchiforms are a small group 
containing two suborders, Chanoidei (five freshwater genera in Alrica and the euryhaline Chant* 
lndo-Pacific) and Gonorynchoidei {Gonaryncktu only, lndo-Pacific, marine). The Ireshwater gono- 
rynchiform lamilies are unknown as fossils, but the Chanidae and Gonorynchidae have long fossil 
records. Fossil ehanids are known in the Lower Cretaceous of West Africa (Ckanopa'a Casier 1961 
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‘ Wcalden ’, non-marine; Parachanos Arambourg & Schneegans 1935, ‘ Wealdennon-marine), 
Brazil (Tharrhias, Dastilbe, Santos & Valen^a 1968, ? Aptian, non-marine) and Italy (Chanos leopoldi, 
D’Erasmo 1915, ? Albian, marine) and the Upper Cretaceous of Yugoslavia ( Prochanos Bassarii, Ceno¬ 
manian, marine). Gonorynchids are known from the Upper Cretaceous of Lebanon and Germany 
(Charitosomus, Cenomanian Campanian, marine) and from the Eocene and Oligocene of Europe and 
North America ( Notogoruus , freshwater). Both chanoids and gonorynchoids are therefore shown by 
fossils to have had a greater geographical range in the past, and the gonorynchids are also shown to 
have extended inlo fresh waters. 

If chanids existed in the Lower Cretaceous, then ostariophysans must also have been in existence 
then, if the relationships shown in figure 5 are correct. Study of one of these Lower Cretaceous chanids 
suggests a hypothesis which might account for the apparent absence of ostariophysans in Lower Cre¬ 
taceous rocks : that they arc present, but unrecognisable. Figures C and 7 show the skull and caudal 




Fic. 6.—A, skull of Chanos cltanos, Recent, nf I er Ridewood ;1904). B, restoration of skull of Tharrhias arariput Jordan & 
Hranrier, L. Cretaceous, Sanlana Formation, Brazil, ant, antorbita! ; hm, anterior process of hyomandibular; 
na, nasal; spop , suprapreopercular. 

skeleton of the Recent Chanos and the Lower Cretaceous Tharrhias araripis , from the Santana Forma¬ 
tion of Brazil. The skulls of these two fishes are almost identical, and features such as a suprapre¬ 
opercular, four infraorhilals, highly specialised jaws and complete absence of teeth leave no doubt 
that they are closely related. But in the caudal skeleton, Tharrhias lacks the specialisations which 
relate the caudal skeleton of Chanos , itself the most primilive amongst Recent gonorynchiforms, to 
those of gonorynchiforms and ostariophysans (fusion of first pre-ural centrum and its neural arch with 
the ural centra and first uroneural, reduction of head of first hypural). The caudal skeleton of Thar- 
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rhiat, with three autogenous uroneurals, the first extending to the second pre-ursl centrum, and two 
{ret ur*l centra, is one of the most primitive known amongst eutcleosteans (cf. Patterson 1870), and 
the only features it shows which might relate it to the gonorynchiform-ostnriophysan assemblage ere 
the presence of only two epurols and a slight reduction of the head of the first hypural. Chanids 
are readilyre cognisable as fossils because of the the unique specialisations of the skull, notably the 
complete loss of teeth and the form of the premaxilla. Than bias shows that these specialisations 
had appeared while tha caudal skeleton was still extremely primitive, and that the distinctive caudal 
specialisations of chanoids, gooorynchoids and oetariophysans were acquired in parallel. If one cons¬ 
tructs a morphotype of the gonorynchiforms (species B, fig. 5), with a caudal skeleton like that of 
Tkarrhias and a skull sharing the primitive features of chanoids and gonorynchoids, one might expect 



Flo. 7. — A, caudil ikeUlon ot Chanoi (honor, Recent. B, osudal skeleton ot Tharrhiu arariptt Jurdm & Brunner, 
L. Cretaceous, Ssntano Formstion, Brazil, from BMNH V, 5433 !, a p, spurtl; A, hypural; pu, praural centrum ; 
u, Ural centrum j an, uronsural. 

to recognise it only by a small, toothless month, a common feature of late Jurassic and early Cretaceous 
teleosts. Species A, the morphotype of gonorynchiforms and ostariophyeans, would have e primitive 
caudal skeleton, a well developed dentition, and would lack the Weberian apparatus. Early ostario- 
physane (A C, fig. 5) should he recognisable by the Weborien apparatus, lint this would only be visible 
in exceptionally well preserved fossils. Those familiar with fossil teleosts know that the anterior 
vertebrae are normally crushed and obscured by the operculum and shoulder girdle, and are very diffi¬ 
cult to count, let alone examine in detail. In the Lower Cretaceous there are many smell, nondes¬ 
cript teleosts, usually classified as Leptolepis or Clupavus (see Patterson 1970 for review). Some of 
these could be early osteriophytans, not recognisable because of lack of distinctive specialisations. 

The gonorynchiforms, as the sister-group of the ostariophysans, suggest same speculations on 
the place and mode of origin of the letter. The life history of Chanoi, morphologically the most pri¬ 
mitive gonorynchiforro, seems to me to be of great interest in this connection. Adult Chanoi are marine, 
coastal fishes. They breed in inshore waters, producing many pelagic eggs. At a langth of nhout 
15 mm, the larvae move inshore and enter brackish pools and creeks, often only connected with open 
water at extreme high tide, returning to the sea as young adults. In the Far East, Chanos is extensi¬ 
vely farmed in ‘msrine fish-ponds’ because oi this habit, and Sunier (1922) gives a full account of 
these habitats, noting tbe extraordinary salinity tolerance of the fishes. The interest of this life history 
is that the same behaviour is shown by the moat primitive living teleosts, F.lopi, Mtgalopi, Tarpon 
and Albuta (Wade 1952). lit these elopiform fishes there is a leptocephalus larva, and it is the newly 
metamorphosed post-larva which moves inshore. The occurrence of this type of life cycle, with an 
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apparently obligatory post-larval period of development in enclosed creeks or lagoons of highly variable 
salinity, in the most primitive living teleosts (elopiforms) and the most primitive member of the gone* 
rynchiforin ostariophysan assemblage (Chanos) suggests that this may be a primitive teleostean (or 
even aetinopterygian) feature. This hypothesis provides a powerful model for interpreting the varia¬ 
tions in habitat and life history found amongst teleosts (and other actinopterygians). Amongst elo- 
pomorph fishes, suppi-ession of the ‘ fish-pond ’ stage would lead to a life-cycle like that of the deep¬ 
water albulid Pterolhrissus, which migrates into shallower water to breed on the edge of the continental 
shelf (Poll 1953), and from this to fully oceanic groups like the halosaurs, liotacanths aud many cels. 
Emphasis on the ‘ fish-pond ’ stage would lead, on the other hand, to a life-cycle like that of Anguilla. 
Acquisition of sexual maturity during the 1 fish-pond’ stage is the modification of the clopoid-chanid 
life-cycle necessary for fully freshwater life. 

Modifications of the elopoid-ehanid type, of life-cycle could account for the breeding migrations 
of diadromous fishes like sturgeons, many clupeoids, salmonids, osmerids and galaxioids, and the 
euryhalinity of these and other primitive actinopterygians. Fossil evidence bearing on the hypo¬ 
thesis that aetinopterygians were primitively euryhaline is naturally sparse. Most early actinopte- 
rygian (and teleostome) groups are found in both marine and freshwater deposits, but because of the 
' coarseness ’ of the morphological evidence available in fossils it is hard to find reliable evidence of 
a single species in both these environments, implying euryhalinity. The only good example known 
to me is the recent discovery (Crcssey A Patterson 1973) of fossil parasitic copepods belonging to 
an exclusively marine group (Dichelesthioidea) in the gill-chamber of Cladocyclus (lchthyodectidae) 
from the Lower Cretaeeous Santana Formation of Brazil, which is freshwater according to the evidence 
of oslracods (Bate 1972). This implies that these examples of Cladocyclus had recently migrated from 
the sea, like fresh-run salmon wliieh are recognised by the presence of marine ectoparasites. 

With reference to ostariophysans, the hypothesis that teleosts were primitively euryhaline, 
and that the life-cycle of Chanos is primitive, would imply that species A (fig. 5) was an inshore fish of warm 
seas, whose life-cycle involved an inland phase, in fresh or brackish water. Gonorynckus would then 
be a fish whieh had dropped this 4 fish-pond ’ stage, while the remaining gonorynchiforms (including 
the fossil gonorynehid Notogoneus ) and the ostariophysans would have come to reach sexual maturity 
in fresh waters and so dropped the marine stage. Such acquisition of sexual maturity implies some 
initial neoteny, and it seems significant that the African freshwater gonorynchids, especially Cromcria , 
give every indication of neoteny. 

Lower Cretaceous chanoids are found in Tethys and on both shores of the central Atlantic, but 
freshwater chanoids are found only in Africa. This suggests that Africa was the site of origin of the 
ostariophysans, corroborating Gory’s (1969) conclusion based on analysis of living ostariophysans. 
As to the time of origin of ostariophysans, an upper limit is provided by the first occurrence of undoub¬ 
ted chanoids (Neocomian), a lower limit by the separation from Africa of India and Madagascar, since 
they lack cliaracins. The latter events are not yet precisely dated, but are unlikely to have been 
much before the Neocomian. This implies that ostariophysans originated at about the Cretaceous/ 
Jurassic boundary, and were probably initially more tolerant of salinity variations. 

A TRANSATLANTIC CRETACEOUS CORRELATION 

The remarkable correlation between the non-marine ostracod faunas of the * Wealden ’ of north¬ 
east Brazil (Bahia Supergroup) and West Africa (Cocobcach Series) (Grekoff & Krommelbein 1967) 
has entered the literature as one of the best pieces of zoological evidence for the late Mesozoic continuity 
of Africa and South Ameriea. The fish fauna of these African and Brazilian deposits provides similar 
evidence, as shown in the table below. 
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Cocobeach Smrj of Gtbon and Equatorial Gninea 
(C***r it Tiv«mo 1971) 

IIKm Formotion, Brazil 
[Sebtofftr 1047 wilh la I or additiaoa) 


Coelacanthiformes > 

Afowaemo gigoa Woodward 

M. minor Woodward 

Actinopterygii 

Holostei 

family Scmionotidae 

Lepidotes sp. • 

family Amiidee 

Urocles *p. 

family Aepidcrhynchidee 

Belonostomus sp. 

Lepidotes nutwsoni Woodward 

L. aouaii Woodward 

L. roxoi Santos 

Uncles mtmtoni (Woodward) 

Belonostomus carmatus Woodward 

Telcostei 

family < Leptolcpididaa ' (including Clupavidae) * 
Lsplolepis congolensis Arambourg & Schnecgana 
Clupavus spp. 
family lehthyodectidae 

ChirocenlrUes ? guinensis Weiler 
two nndescribed icbthyodcctids 
family Diplomystidac 

Diplomyst ua goodi Eastman 

family Chanidae 

Parachanos aelhiopicus (Weiler) 

Leptolepis bahiaentis Schaeffer 

Scombrodupeoidcs scutata (Woodward) 

Cladocydus mnusoni (Cope) 

C. woodwardi (Santos) 

Diplomystus longicoslatus Cope • 

(5) 


This comparison between the fishes of the West African and Brazilian We Oden lacks tb* pre¬ 
cision of Grek off & Krommelbein’s correlation based on ostracods. This is because of lack of strati¬ 
graphic details on the provenance of most of the fishes, because both faunas are in need of modern 
revision, and because comparisons et the species level sre mode more difficult by incomplete preserva¬ 
tion of the fossils. Nevertheless, the resemblance between the two faunas is very remarkable *. it is 
at least as close a* that between the Wealden faunas of South-east England {Woodward 1916-1919) 
and Belgium (Traquair 1911). 


1. Although coals can the arc apparently absent in the Cocobetch Series, Mawronia ubangian* Casisr (1961) ooeurs 
in tbs Bokungu Sran, Zaire, which ia slightly yonngsr bin of similar fsciss. 

2. Arembour* & Sehneegans (193S, p. 22) remark on tbs close similarity of tbs African LipidoUl scales to those 
of tbe Brazilian L. mm/mm- 

8. Cretaceous LmpUAepU and Ciujeavus apaciea are small, nondescript tslsosts of nnlnown and probably varied 
ralationehipe Patterson (1970. p. 289) remarks of L. bahiaeniir and S. tculata that either or both ’ conld welt be dote 
to or eynonymoni with L. congofenaia. ’ 

4. Schaeffer (1947, fig. S) places D. powfs as lbs closest relative of D. longieoetatuM and remarks on the vary does 
rvaemblenee betwson them. 

5. N chanids have yot been sacordcd from the Ilhaa Formation, but in tbs overlying Atayeva Formation (? Aptian) 
of Riarbo D»ce Datlilit crandnU i Jordan socurt, and Santee {1947) —rites of tbs ‘ extraordinary simtisrity' between 
Daetilhe and Farce ho nos and ia inclined to oonaidrr the latlar a eynonym of tbs former. 
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ADDENDUM 

Sine* the manuscript of this paper was submitted (July 1972) there has been new work bearing 
on some of the topics discussed. 

Methodology. D. E. Rosen (1974, Bull. Am. Mas. not. Hitt., in the press) has criticised Myers’ 
distinction between primary and secondery freshwater fishes, because records of salt tolerance in sup¬ 
posedly primary fishes are numerous, and because secondary groups such as cichlids and alheriniforms 
have distributions similar to those of primary groups tike ostariophysans, implying that tha dispersal 
of both types is controlled by the same factors. For zoogeographic analyses, Hosen proposes that 
fishes should be regarded as continental (including primery and secondary freshwater) or oceanic, 
and that fishes should be assigned to these categories ” not by what we imagine to be their habits and 
possible dispersal mechanisms but hy their distribution in relation to phytogeny ”, These conclusions 
do not seem to invalidate the concept of archacolimnic and telolimnic groups proposed in this paper 
secondary freshwater fishes could also be assigned to one or other of these categories. 

Osteoglossomorpha. G. Nelson (1973, Am. Mus. Novit., 2624 has commented on my conclusions 
concerning Brychaetue, having seen a preprint of this paper. Nelson points out that if Brychaetus 
is the only merine osteoglossomorph known, parsimony demands that we regard it as secondarily marine. 
He writes “in order to justify any other conclusion, additional forms, related most closely to osteoglos- 
eomorphs other than Brychattus, would have to be discovered, and their significance for marine origins 
determined by a comparative procedure ", Other probable marine osteoglossomorph* are Plalinx, 
from the Palaeocene of Turkmenia and the Eocene of Italy (P. L. Forey, Ph. D. thesis, London llniv., 
1971), and Opsithristops from the Palaeocene of Turkmenia, but neither genus is sufficiently well known 
for an analysis of relationships. 

Ostariophyans. The record of Eocene characoids from Europe is extended to England by the 
discovery of a single tooth (BMNH P. 56522) from the Blackheath Beds (lowermost Eocene), Abbey 
Wood, Kent, resembling the A fester-like teeth illustrated by Cappetta, Russell 4 Braillon (1972). 
Frizzell & Koenig ( Copeia , 1973, pp. 692-698) hove confirmed that Vorhieia, known by otoliths from 
marine and brackish horizons in the Maaslrichtian of South Dakota, is a siluriform, not assignable to 
family. T. R. Roberts (1973, pp. 373-395 in Interrelatioruhips of FUhes, ed. P. H. Greenwood, R. S. 
Miles & C. Patterson, Academic Press, London) has discussed the interrelationships of Recent ostario- 
phystns, and hes produced a new classification of the group in which cypriuoids and characoids are 
no longer co-ordinated in opposition to siluroids. 
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